In earlier work, Hill In a previous paper, Hill and Chance (1) reported exact steady-state solutions for some simple kinetic models of parts of the respiratory chain. Particular attention was paid to models in which two isopotential pools of electron-exchanging components are separated by a four-state transducing "site" enzyme (2, 3). In the present work, we extend the previous paper to models of the complete respjiratory chain comprised of four isopotential pools with three intervening four-state site enzymes (4). As before (1), our object is not to analyze experimental data but rather to introduce methods that should prove useful for this purpose in the future. In other words, our primary object is to demonstrate feasibility rather than to obtain realistic results. In our view not enough is known about the site enzymes in particular, at the present timbe, to make it worthwhile to use the present model for elaborate calculations. We shall confine our numerical results, therefore, to a few illustrative examples. The methods we introduce here can be applied, if required later, to models of the respiratory chain modified in many ways. Thus, the model itself is also meant to be only an example. Because of the much greater complexity of this model (four pools and three sites), we have to abandon the exact methods of the earlier work (1) and instead use (i) Monte Carlo simulation and (ii) approximate numerical solution of very large sets of first-order differential equations.
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Because of the much greater complexity of this model (four pools and three sites), we have to abandon the exact methods of the earlier work (1) and instead use (i) Monte Carlo simulation and (ii) approximate numerical solution of very large sets of first-order differential equations.
THE MODEL
The model we use is shown schematically in Fig. 1 . In the earlier nomenclature (1) , this model has four isopotential pools with n 1, --, n4 components per pool and three "fast-conformation" site enzymes SI, S2, and S3 between pools as indicated ( Fig. la) . Any component of any pool is either reduced (R) or oxidized (0). An "isopotential pool" contains components at the same redox potential and also has relatively fast electron exchanges so that the pool is effectively in internal equilibrium. A site enzyme has two conformations, S and S'. S can exchange an electron with the last component of its left-hand pool; 5' can exchange with the first component of its right-hand pool. lb indicates schematically that, in addition, S is isopotential with the left-hand pool and that the electron exchange between S and the left-hand pool (see above) is also relatively fast; similarly, S' is isopotential with the right-hand pool, etc. Thus, in effect (Fig. lb) , when the site enzyme is in conformation S, the left pool has n + 1 equivalent components, whereas when it is in conformation S', the right pool has n + 1 equivalent components. Fig. lb is not meant to suggest that the site enzyme moves when it changes conformation; rather, it merely changes its "membership" from one isopotential pool to the other. A site enzyme is always in one or the other of its two neighboring pools.
The previous paper (1) gives many more details and leads up to this model, step by step. It is assumed that the reader is familiar with the earlier discussion.
Although it does not affect the formal kinetics at all, for thermodynamic purposes (below) we shall adopt the point of view here that all electron exchanges are one-electron, rather than two-electron (1), exchanges. This is the more realistic uniform choice, but in a more refined model both types of exchange presumably will be needed.
The rate constant notation is shown in Fig. 2 . These are all first-order or pseudo-first-order rate constants (1 cluding site enzymes in augmented pools) need not be specified because the 16 rate constants in the figure are assumed to be much smaller in magnitude and therefore rate determining. All of these "slow" reactions involve significant chemistry. They all are oversimplified here and will probably need to be expanded into more elaborate sequences of steps in future, more realistic, models (see figure 4 3 )
FAE4 = RTln((/('). [5] In order for the electrons to drive the protons in [7] where Pol is the probability that any component in pool 1 11 of ref. 1 that the steady-state flux, J, for systems with two isopotential pools is almost independent of pool size n (in fact, J increases slightly with n). Table 1 shows the same result with four pools. In this and some other examples, all unprimed rate constants are chosen to be equal and are designated by a; similarly, all primed rate constants are a'. Here we take a = 10 and a' = 1. Table 1 also includes Monte Carlo fluxes for comparison. These are averages over eight fluxes (see Eq. 9) and also over 20-30 different times at steady state.
The state probabilities for the four pools and three sites also hardly change with n. The values for n = 4 are: The notation for site probabilities is obvious from Fig. 2b ; the sum in each row is unity. Note the expected symmetry (because of equal rate constants). Steady-State Flux-Force Relation. We have calculated the steady-state flux for a system with four pools and n = 4, using af' = 1 (primed rate constants) and various values of a (unprimed rate constants). In this case, from Eq. 2, eJ/RT = a8 and eX/8Rt = a. In Table 2 we see that J is nearly proportional to eX/8I1T -I Up to X/RT _ 18 whereas the linear relationship J -X/RT has a limited range. This J(X) relation, however, is valid only for this particular way of,varying X (7). Similar results have been found for smaller systems (see table 11 (Table 2 ) holds for a -1, then the limiting (Onsager) coefficient (a -1) in the last column is 0.03280. This coefficient applies to any way of varying X near the equilibrium point a = a' = 1 (7) .
Effect of Number of Pools on Steady-State Flux. Here we choose n = 4, a = 10, and a-' = 1 and calculate the flux J for differentrnumbers of pools (with a site enzyme between each pair of pools). The results are given in Table 3 . [11]
In case a, the total basic free energy drop (1,6) X occurs entirely between pool 4 and the electron acceptor (02)-that is, in Eq.
5. In case b, there is a basic free energy drop at site 3 and also between pool 4 and 02-that is, in Eqs. 4 (j = 3) and 5. In case c, the basic free energy drop is distributed equally over all eight transition pairs in the respiratory chain (this is the a8 = 103 case in Table 2 (A) all 1 (B) a = 1;3 = 103; others = 10-1/2 (C) a = = 103; others = 10-1 (D) a = 10-2; = = 102; others = 1 (E) a = 102;f = 10-2; others = 1.
[ 13] Pool probabilities, at equilibrium, are given in 
